INTRODUCTION
In 1898, Camillo Golgi observed a net-like structure stained with his own silver method in nerve cells of the barn owl and of the cat. He named this network the "internal reticular apparatus." This observation aroused the interest of cytologists. Thousands of papers have been published and hundreds of names assigned to the structure more commonly known as Golgi apparatus. Little can be gained by discussing in detail the enormous literature relating to it. Reference need be made only to the excellent reviews of Kirkman and Severinghaus (1938) , Hirsch (1939) , and Hibbard (1945) .
Half a century since its discovery, a great deal of confusion still exists about the Golgi apparatus, resulting chiefly from the fact that various investigators using diverse methods have attempted to correlate the different results obtained with the typical net-like structure described by Golgi. Holmgren (1902) demonstrated a system of intracellular canaliculi, the trophospongium, in tissues fixed in picric acid-sublimate and stained with toluidine blue. He believed the trophospongium to be identical with the Golgi apparatus. Parat (1928) formulated the vacuome theory based on a long series of studies on cells vitally stained with neutral red. He believed the Golgi apparatus to be an artifact that appeared upon precipitation of silver or osmium on the surfaces of the vacuome. Baker (1944) described some lipide droplets, which he named ]ipochondria, near the nucleus in cells fixed with calcium and formalin and stained with Sudan black B. Baker (1949) believed that in living cells the Golgi apparatus never exists as a network but always appears as spheroid bodies. According to Baker, silver or osmium may become deposited around and in spaces between these bodies thus producing an artifact in the form of a metallic network known as the Golgi apparatus.
IDENTI~'ICATION O F GOLGI APPARATUS
It is perhaps unwise to regard the Golgi apparatus as purely an artifact. In view of the fact that Golgi apparatus can be demonstrated in almost all nucleated plant and animal ceils and that its form and position often change in respect to different physiological conditions of the cell, it seems probable that this structure serves as a useful index of cellular activity. The view that Golgi apparatus is an artifact is not easily reconciled with the fact that after impregnation with silver or osmium, a network is usually formed in cells and the network is situated near the nucleus.
In the present study, attempts have been made to determine whether the Golgi apparatus, in its typical netqike form, is an artifact produced in the manner as suggested by Baker. Our observations on fixed cells show that substances in the so called Golgi zone that reduce silver nitrate to metallic silver in the classical silver methods may be divided into nucleopetal and nucleofugai fractions. The nucleopetal fraction appears to be identical with Baker's lipochondria in form as well as in location and chemical nature. The nucleofugal fraction usually appears in the form of a network similar to that described by Golgi. Both fractions may be demonstrated side by side in one cell, particularly in the epithelial cells of the epididymis of the mouse. It is concluded that the retiform Golgi apparatus is a separate entity from Baker's lipochondria, and that the latter do not represent the Golgi apparatus in living cells.
Cytochemical tests seem to indicate that Baker's lipochondria are composed of lipide. Experiments performed in this study suggest that an enzyme, probably aldehyde dehydrogenase (xanthine oxidase), seems to be associated with the Golgi apparatus. The possibility that one of the functions of the Golgi apparatus is related to purine metabolism of nucleoproteins is discussed. EXPERDIENTAL 
I. Methods for the Demonstration of Golgi Apparatus
All methods recommended by Cowdry (1952) for demonstrating the Golgi apparatus have been tested. These methods can be grouped into (A) the neutral red method, (B) the Sudan black B method, (C) the osmium method, and (D) the silver method. The neutral red method stains Parat's vacuome. The Sudan black B method stains Baker's lipochondria. The osmium and silver methods demonstrate the typical network described by Golgi. Since it is proposed in the present study to examine Golgi apparatus as demonstrated and described by its discoverer, Camillo Golgi, special attention has been paid to the silver method. In this paper, most of the discussion applies to the silver method only. It is felt that a separate careful examination of the osmium method is needed.
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The tissues were then reduced with I per cent hyd.roqulnone in 15 per cent formalin, dehydrated with alcohol, cleared with xylene, embedded in paraffin, and sectioned. This method is quite reliable. It invariably reveals the Golgi apparatus as a black network although F.Iftman warns that not all that is black is Golgi apparatus. Because of its simplicity, this method has been used in most of the experiments performed in this study. It is interesting to note that in chemistry a mixture of silver and formalin is known as Zenghelis' reagent used to test for ammonia (see Merck Index, 5th edition).
Albino mice were used exclusively in this study. The animals were sacrificed by cervical dislocation. The organs studied included brain, intestine, pancreas, liver, kidney, and epididymis. Special attention was paid to the cerebellum because it was the nervous tissue in which Golgi (1898) first described the network, and to the epididymis because it was the tissue in which Nassonov (1924) and Ludford (1925) found the Golgi apparatus to be most prominent.
H. Solubility of Golgi Apparatus
A typical retiform Golgi apparatus was demonstrable only when the tissue was impregnated with silver nitrate and reduced with hydroquinone prior to dehydration. If reduction was performed after dehydration, no Golgi apparatus could be found. This indicated that Golgi apparatus in fixed cells was soluble in the solvents used in processing the tissue. The following experiment was performed to see which of the solvents were responsible.
Experlmen¢/.--Tissues were fixed in Elftman's fluid. The tissues were divided into aliquots.
One aliquot was thoroughly washed in water before reduction in hydroquinone followed by dehydration and embedding, Another aliquot was treated in 70 per cent alcohol, brought back to water, and reduced. A third was treated with absolute alcohol and a fourth with xylene. No Golgi apparatus was observable in tissues treated with 70% alcohol, absolute alcohol, or xylene. Tissues washed with water showed a typical network, but it did not appear as black as that without washing.
Most investigators believe that the" Golgi apparatus is lipide in nature. These tests seem to lead to the same conclusion. This may be true, however, only in the case of Baker's lipochondria. As will be pointed out later in this paper, it is doubtful whether the retiform Golgi apparatus is lipide in nature. There is a possibility, however, that the Golgi apparatus is closely associated with lipide. When the intracellular lipide is extracted by alcohol or xylene, the substance of Golgi apparatus may be extracted also. Neverthelesss, to demonstrate a typical network of Golgi, the silver salt must be reduced to the metallic state before any fat solvent is employed.
III. Tke Role of Heavy Metals in Demonstrating Golgi Apparatus
To demonstrate the Golgi apparatus in its typical net-like form, the consensus is that some heavy metal is always required. Cajal used uranium and silver; Da Fano used cobalt and silver; Aoyama used cadmium and silver; Ludford used mercury and osmium; Owen and Bensley used iron and osmium. No explanation has ever been offered to account for the use of uranium, cobait, cadmium, mercury, or iron. Since only silver and formalin are used in Elftman's direct method, it is apparent that the metals, iron, cadmium, 266 IDENTIFICATION OF GOLGI APPARATUS uranium, cobalt, and mercury are not necessary in demonstrating the Golgi apparatus. The only conceiVable function of these metals is perhaps to render some lipide material more stable , because paraffin sections of tissues fixed in uranium and formalin (Cajal's fluid), cobalt and formalin (Da Fano's fluid), cadmium and formalin (Aoyama's fluid), or ferric ammonium sulfate and formalin can be used to demonstrate Baker's lipochondria with Sudan black B. Details of these preparations are described below in Experiment 6.
Among the heavy metals, only silver and osmium are capable of demonstrating the Golgi apparatus in its typical net-like form. Chemical tests for uranium, cobalt, and cadmium (Feigl, 1954) , applied to tissues fixed in Cajal's fluid, Da Fano's fluid, or Aoyama's fluid all failed to show the Golgi apparatus. The selectivity of silver in demonstrating the Golgi apparatus is discussed below.
IV. The Role of Aldehydes in Demonstrating Golgi Apparatus
A survey of methods for the demonstration of the Golgi apparatus reveals that a majority of them involves formafin as an ingredient in the fixative. Few investigators have attached any significance to the role of formalin in demonstrating the Golgi apparatus. Bensley (1910) has shown that a canalicular system is demonstrable in both plant and animal ceils only when the tissues are fixed in the formalin-bichromate-sublimate mixture or in Kopsch's fluid (formalin and bichromate). The same cells fixed without formalin as in Flemming's fluid (chromic acid, acetic acid, and osmic acid) show at the site of the canals merely a large number of exceedingly fine vacuoles. The following experiments clearly indicate that in order to demonstrate the typical net-like Golgi apparatus, formalin certainly plays an important, if not an absolutely necessary, role.
Experiment 2.--Fresh tissues were fixed and impregnated in the following ways: (A) 8 hours in 15 per cent formalin without silver nitrate; (B) 8 hours in 2 per cent silver nitrate without formalin; (C) 4 hours in 15 per cent formalin followed by 4 hours in 2 per cent silver nitrate; and (D) 4 hours in 2 per cent silver nitrate followed by 4 hours in 15 per cent formalin. After fixation and impregnation, all tissues were reduced with hydroquinone, dehydrated with graded alcohols, cleared in xylene, embedded in paraffin, and sectioned. Tissues fixed in formalin without silver (A), of course, showed no Golgi apparatus. Tissues placed in 2 per cent silver nitrate without formalin (B) showed a few black granules in the cytoplasm. Tissues fixed in formalin and impregnated with silver (C) showed the Golgi apparatus in the form of a perfect network (Fig. 1 ). Tissues impregnated with silver and then fixed in formalin showed browncolored Golgi apparatus and blackened Baker's lipochondria (Fig. 2) . Therefore, to demonstrate Golgl apparatus, formalin seems to be necessary, and without it a typical network is not demonstrable with silver nitrate.
.Experiment 3.--It is interesting to ask whether other aldehydes, aside from formalin, may produce the network. Thus, tissues were fixed and impregnated in mixtures of (A) acetaldehyde and silver nitrate, (B) benzaldehyde and silver nitrate, and (C) naphthaldehyde and silver nitrate. All tissues were then reduced with hydroquinone and processed in the usual manner. All the aldehydes tested were found to be capable of producing a typical network of Golgi (Fig. 3) .
Experiment 4.--Condensed aldehydes, such as paraformaldehyde, paraldehyde, and hexamethylenetetmmine, were also tested. These compounds were used in place of formalin in Elftman's fluid. None of the tissues fixed in these mixtures showed any sign of a network. Therefore, a Golgi apparatus is demonstrable in cells only when free aldehydic group is present in the fixative. l~xperiment 5.--The animal body is known to be able to convert certain compounds to aldehydes. For examples, methyl alcohol is changed to formaldehyde; ethyl alcohol to acetaldehyde; hexamethylenetetramine to formaldehyde and ammonia; paraldehyde t ° acetaldehyde; and paraformaldehyde to formaldehyde. This fact was utilized to determine whether endogenous aldehydes are capable also of producing a typical network of Golgi. Tolerable amounts of the above compounds were fed to mice by gastric instillation. Since aldehyde was presumably already present in the animal body; about 4 hours after feeding, tissues from these animals were placed in 2 per cent silver nitrate solution without the addition of formalin. 8 hours after immersion, the tissues were reduced with hydroquinone and processed for paraffin sections. Most of the tissues examined showed the typical network of Golgi. Therefore, not only exogenous, but also endogenous aldehydes are capable of producing the net-like Golgi apparatus ( Fig. 4 and 5 ).
Although the above experiments seem to show that formalin is required in staining Golgi apparatus, yet, there are methods in which formalin is not required. The well known Kopsch's method shows that Golgi apparatus can be blackened by direct immersion in 2 per cent osmic acid. The immersion time is at least 14 days or more. If the tissue was fixed in formalin prior to immersion in osmic acid, as in Sj0vall's method, the immersion time is reduced to l or 2 days. No formalin is used in Golgi-Veratti's method. In this case, it is likely that the potassium bichromate and osmic acid used in the fixative may oxidize certain substances, such as polysaccharides, into aldehydes, which in turn help to produce the network. This brings to mind Bauer's method of oxidizing glycogen with chromic acid and of testing the aldehyde produced with Schiff's reagent. Similarly, fatty acids from lipide may be oxidized to epihydrinaldehyde by osmic acid, which is itself reduced.
V. Morphological Identification of Golgi Apparatus
In a series of publications, Baker and his associates described sudanophilic granules situated at one pole of the nucleus in glandular cells and around the nucleus in nerve cells. They believed that these granules actually represent in living cells the structure called Golgi apparatus in fixed cells. Baker (1949) further explained that the net-like appearance of the Golgi apparatus is due to deposition of silver or osmium on the surface of, or in the spaces between, these granules. Baker (1953) suggested that the Golgi apparatus is an artifact produced by silver or osmium impregnation, and the name "Golgi" be dropped from further description.
In view of the wide acceptance of this concept in recent years, it seems 268 IDENTIFICATION O F GOLGI A P P A R A T U S advisable to examine the sudanophilic granules in tissues prepared exactly b y the method as described b y Baker (1949) . I t was found of course that Baker's lipochondria (sudanophilic granules) do in fact exist in these tissues. They are especially prominent in the epithelium of the epididymis of the mouse (Fig. 6 ). Furthermore, it was found that paraffin embedding can be used as described in the following experiment, in lieu of the troublesome gelatin t h a t yields only thick sections.
Experiment 6.--Tissues of the mouse were fixed in uranium nitrate and formalin (Cajal), cobalt nitrate and formalin (Da Fano), cadmium chloride and formalin (Aoyama), and ferric ammonium sulfate and formalin. After fixation, instead of impregnating with silver nitrate as prescribed in the original methods, the tissues were processed directly for paraffin embedding. Sections were brought to water and stained with a saturated solution of Sudan black B in 70 per cent alcohol. After a brief wash in 70 per cent alcohol and water, they were mounted in glycerin. All the tissues examined showed sudanophilic granules located in close proximity to the distal pole of the nucleus in epithelial cells of the epididymis and around the nucleus in Purkinje cells of the cerebellum, In no case was Sudan black B capable of staining anything that resembled the typical network described by Golgi.
Other fat dyes, including Sudan HI, oil red O, and Nile blue sulfate, were also used to color sections as prepared above. Sudan III and Nile blue sulfate stained the lipochondria, but oil red 0 stained some granules scattered in the cytoplasm. None of these dyes could withstand alcohol dehydration, and so a permanent mount could not be made. After decolorization with higher alcohols, however, the same structure (lipochondria) could be stained again with these dyes, if the sections were brought back to water before staining.
Although the results of the above experiment agree with B a k e r ' s observation, closer scrutiny of the sections of the epididymis stained with Nile blue sulfate revealed that Baker's lipochondria m a y not represent the typical retiform Golgi apparatus, Fig. 7 shows the uncolored negative image of the Golgi apparatus (Holmgren's trophospongium) and Baker's lipochondria in the same cell. Between the uncolored Golgi apparatus and the distal end of the nucleus, one or two lipochondria stained in red color are recognizable. Since there are doubts about the identity of the uncolored Golgi apparatus (trophospongium) and the positive black Golgi apparatus impregnated with silver, a t t e m p t s have been made to see whether Baker's lipochondria and a positive blackened Golgi apparatus m a y b e demonstrable in the same cell concurrently.
Experiment 7.--As it will be shown later in this paper, Golgi apparatus appears brown in color instead of the usual black if most of the unused silver nitrate in the tissue is washed out before reduction. On the other hand, Baker's lipochondria always appear black in color when treated with silver reagent used to test for ammonia (see Experiment 9). This difference in color may be obtained also by a slight modification of Elftman's method. Instead of fixing tissues in a mixture of silver and formalin (Elftman's fluid), tissues were treated first with 2 per cent silver nitrate for 4 hours. They were then transferred to 15 per cent formalin for another 4 hours, in which most of the unused silver nitrate was washed out. The usual manner of reduction and processing was then followed. Sections showed both Golgi apparatus and lipochondria in the same cell. The typical retiform Golgi apparatus appeared as a browncolored structure while the spheroidal lipochondria were black (Fig. 2) . This was repeated several times. On every occasion the results were reproducible. Similar results may be obtained also by fixing tissues in formalin mixed with Feigl's reagent as is described below in Experiment 9.
As more experience was acquired in identifying Baker's lipochondria, the tissues that had been prepared by Cajal's, Da Fano's, and Aoyama's methods were again examined. In most cases, particularly the epithelium of the epididymis of the mouse, the spheroidal lipochondria could be distinguished easily from the retiform Golgi apparatus. Fig. 8 is a photomicrograph of a section of the epididymis prepared by Cajal's uranium silver method. One can hardly mistake the identities of the retiform Golgi apparatus and the spheroidal lipochondria of Baker in the same cell, although in this case both were blackened with silver. Most observers have failed to make this distinction, and undoubtedly in many silver preparations, Baker's lipochondria had been misinterpreted as part of the network of Golgi.
In the light of the above observations, we are compelled to disagree with Baker that lipochondria represent the classical Golgi apparatus in living ceils and that the Golgi apparatus in fixed cells is an artifact produced by deposition of silver or osmium on or between the lipochondria. On the basis of differences in impregnability and coloration with silver nitrate, of differences in location and of differences in form, Golgi apparatus and lipochondria must be considered as separate entities. This view has been expressed also by Dalton and Felix (1954) , though in their description they regard the lipide granules scattered in the cytoplasm of living cells as lipochondria, which, in the definition of Baker, must be juxtanuclear.
In the original description of the "internal reticular apparatus," Golgi (1898) clearly stated that there is a space filled with cytoplasm between the nucleus and the network. It is in this space that Baker's lipochondria are located. We propose in this paper to designate Baker's lipochondria as the nucleopetal fraction, and the typical network of Golgi as the nucleofugal fraction of the Golgi apparatus. The nucleopetal fraction is closer to the nucleus, while the nucleofugal fraction is farther away from it. These names convey no other meaning save for purposes of morphological distinction. The idea of including Baker's lipochondria as a fraction of the Golgi apparatus is based on the fact the lipochondria have been assumed by some investigators to represent the Golgi apparatus in living cells, while other observers have mistaken the lipochondria to be a part of the Golgi apparatus in fixed ceils.
Many experienced observers (Bensley, 1951) believe that the trophosponglum of Holmgren is identical with Golgi apparatus. It is the uncolored image of Golgi apparatus when it is not impregnated with silver or osmium. Cowdry
(1955) has shown unequivocally that in glandular cells a positive Golgi apparatus stained with osmic acid corresponds exactly to the uncolored image in the same cells from which the osmium has been removed later. The uncolored image represents the substance of Golgi apparatus on which silver or osmium is deposited. The Golgi apparatus is the mold and the reduced metal is the cast.
I t is true that the vacuome m a y be demonstrated in cells stained vitally with neutral red, but the rationale by which Parat concluded that the vacuome actually represents the Golgi apparatus in living cells is quite beyond comprehension. O'Leary (1930) observed in surviving islet cells of the pancreas that the uncolored image of the Golgi apparatus is refractory to neutral red staining. Dalton and Felix (1954) reported that they were unable to color the Golgi apparatus in living ceils of the epididymis with neutral red. I n view of these observations, it is perhaps justifiable to state that neutral red vacuome of living cells does not represent the retiform Golgi apparatus.
VI. Cytochemical Identification of Nucleopetal Fraction (Baker's Lipockondria)
As shown in Experiment 6, the nucleopetal fraction (Baker's lipoehondria) can be demonstrated in paraffin sections if the tissues had been properly fixed. Aoyama's fluid was chosen to fix the tissues, because cadmium chloride is known as a good precipitant of lipide. Mter fixation, the tissues were washed with water, dehydrated with alcohol, cleared with xylene and embedded in paraffin. Sections thus prepared were used for the following test.
Experiment &--Sections were brought to water and stained in a saturated solution of Sudan black B in 70 per cent alcohol. After a brief rinse in 70 per cent alcohol and water, the sections were mounted in glycerin. Upon examination~ only the nucleopetnl fraction was colored. Another set of tissue sections were stained with an aqueous solution of Nile blue sulfate. Again, only the nucleopetal fraction was colored, but the color was bright red instead of blue. According to Cain (1947) , the red color indicates the presence of neutral fat. The same red coloration has been observed also by Dalton and Felix (1954) . These tests confirm the results of a number of workers and their conclusion that Baker's lipochondria probably contain a large amount of lipide.
Experiment #.---In Elftman's direct method the tissues are fixed in 2 per cent silver nitrate and 15 per cent formalin. Chemically, such a mixture is used to test for ammonia (Zenghelis' reagent). It is interesting to determine whether other reagents of similar nature could be used instead of Elftman's fluid. There are many reagents for ammonia, but of most of them tested only two give the same results. These are Makri's reagent and Feigl's reagent. The former is a mixture of 6.6 per cent silver nitrate and 1.6 per cent taImic acid, the latter is a mixture of 2.80 per cent manganese nitrate and 3.35 per cent silver nitrate. Tissues treated directly with these reagents showed only the nucleopetal fraction to be blackened with silver (Figs. 9 and 10 ).
I t is unlikely that free ammonia is present in the nucleopetal fraction (Baker's lipochondria). Since this fraction has been shown to contain a large amount of lipide, it seems likely that the choline moiety of lecithin or sphingomyelin may be involved in the above reactions. To verify this, pure choline (trimethyl-hydroxyethyl-ammordum hydroxide, Eastman P6565) was tested in vitro with these reagents. All of them reacted with pure choline to form black silver precipitate almost instantaneously.
It is also interesting to point out here that if tissues are fixed in Feigl's reagent plus 15 per cent formalin, both nucleopetal and nucleofugal fractions are demonstrable in the same cell, provided also that the tissues are reduced with hydroquinone before dehydration and embedding. This is helpful for identification and distinction, because the nucleopetal fraction appears black and the nucleofugal fraction brown (Fig. 11) .
l~xp~im~ 10.--The periodic acid-Schiff reagent (PAS) was applied to tissue section as prepared above. Only the nucleopetat fraction was intensely colored. In another test, fresh tissues were treated with a mixture of 2.0 per cent periodic acid, 0.6 per cent silver nitrate, and 6.0 per cent nitric acid (Feigl, 1954) . Again, only the nucleopetal fraction was colored (Fig.  12) . Periodic acid does not precipitate silver ions. When periodic acid is reduced to iodate, a precipitate of silver iodate is formed that is insoluble in dilute nitric acid. These tests indicate that some substance in the nucleopetal fraction is oxidizable by periodic acid. Since periodic acid is known to react with polyhydroxy alcohols, there is a possibility that the glycerol moiety of lipides may be involved in these reactions.
Other tests performed in this study included Feulgen's nucleal reaction for desoxyribonucleic acid, Brachet's pyronine methyl green for ribenucleic acid, Mazla's (1953) mercuric bromphenol blue for protein, and Weigert's resorcin fuchsin for elastin. All of these tests, in our hands, failed to give any more definite positive reactions with nucleopetal fraction. In view of the positive results from Experiments 8, 9, and 10, it is concluded that the nucleopetal fraction (Baker's lipochondria) probably contains a large amount of lipide.
VII. Cytockemical Identification of Nudeofugal Fraction (GoIgl Network)
Many tests, including those listed in the previous section, failed to react with the nucleofugal fraction (Golgi network), whether the tests were performed on fresh or on fixed tissues. As described above, Experiment 2 shows that the nucleofugal fraction can be demonstrated only when formalin is used in Elftman's fluid. Experiment 3 shows that aldehydes other than formaldehyde may give the same result. Experiment 4 shows that free aldehydic group must be present. Experiment 5 shows that endogenous aldehyde can be utilized. Consequently, we directed our attention to studying the possibility that the nucleofugal fraction may contain an enzyme, such as aldehyde dehydrogenase.
Aldehyde dehydrogenase was discovered by Schardinger in milk. When fresh milk is allowed to react with a mixture of formaldehyde and methylene blue, aldehyde dehydrogenase oxidizes hydrated formaldehyde to formic acid. Two hydrogen ions are transferred from formaldehyde (H-ion donor) to meth-272 IDENTIFICATION OF GOLGI APPARATUS ylene blue (H-ion acceptor), which is decolorized to leucomethylene blue. This simple test was applied to tissues in the following manner.
Experiment //.--Fresh tissues were immersed in a mixture of 10 ml. of 0.02 per cent methylene blue and 10 ml. of 0.40 per cent formaldehyde in a Thunberg tube. The tube was closed and placed in a water bath maintained at 40°C. After about 2 hours, the tissues were cut on a freezing microtome. Sections were mounted in water and examined. Most of the cytoplasm showed a light blue color except the nucleofugal fraction which appeared as a clear network of canals. In cytology, this has long been known as the uncolored image of Golgi apparatus or Holmgren's trophosponginm. This test may explain why a positive Golgi apparatus has never been demonstrable by methylene blue.
A method for the purification of aldehyde dehydrogenase from milk has been described by Ball (1939) . He shows that after centrifuging fresh whole milk, a large portion of the enzyme is found to be associated with the cream fraction. Since the mammae are apocrine glands, part of the cytoplasm from the distal portion of the glandular cells may be present in the whole milk. Milk, therefore, may be looked upon as a kind of tissue homogenate. In differential centrifugation, Schneider and Kuff (1954) have observed that the Golgi substance of the epididymis of the mouse is found below the superficial fat layer. These observations are reminiscent of the ultracentrifugation studies on Golgi apparatus by Beams and King (1934) , Beams, Gatenby, and Muliyil (1935) . In ultracentrifuged cells, the Golgi apparatus passes centripetally and is found below the fat layer.
In further purifying the enzyme from the cream fraction, Ball (1939) has obtained a clear yellowish solution and aldehyde dehydrogenase is found in this solution. The rest of the cream fraction is discarded. Again, in differential centrifugation of tissue homogenates the same clear yellow color has been observed by Schneider and Kuff (1954) in the G band where the Golgi substance is located. Ball (1939) has proved that the yellow color is due to riboflavin of the prosthetic group of aldehyde dehydrogenase. The following experiment shows that in cells the yellow color is observable in the nucleofugal fraction.
~Experlm~nt 12.--Frozen sections of fresh tissues were mounted in water and examined with a light microscope. A clear outline of the nucleofugul fraction cannot be delineated. Subsequently, tissues from another animal were fixed in Elftman's fluid and without reduction with hydroquinone frozen sections were made. Sections were mounted in water and examined with a light microscope. The nucleofugal fraction in its net-like form appeared yellow in color while other parts of the cell were almost colorless. This intensification of the yellow color is due to the reaction between riboflavin and silver nitrate as is demonstrated in Experiment 13.
Aldehyde dehydrogenase is known to be composed of a prosthetic group bound to a specific protein, The prosthetic group is a flavin-adenine dinucleotide (FAD), which on further analysis gives riboflavin, two phosphoric acids, ribose and adenine. These compounds are easily available commercially. They C. H. U. C ffU AND C. A. SWINYARD 273 were tested in vitro with 15 per cent formalin, 2 per cent silver nitrate, and Elftman's fluid with the hope that some understanding on the mechanism of staining with silver m a y be obtained.
Experiment 13.--10 ml. of 15 per cent formalin was introduced into each of four test tubes. 1 ml. of saturated aqueous solution of riboflavin was added to the first tube; 1 ml. of phosphoric acid to the second; i ml. of saturated solution of ribose to the third, and 1 ml. of saturated aqueous solution of adenine to the fourth. None of these gave any visible change. The same test was repeated with 2 per cent silver nitrate. No change was observable with phosphoric acid and ribose. Adenine added to the silver nitrate solution formed a cloudy suspension. Riboflavin added to the silver nitrate solution changed color from its original light yellow to deep reddish yellow, like eosin. With Elftman's fluid, adenine gave a cloudy suspension with black specks of silver precipitates scattered in the suspension. Riboflavin in Elftman's fluid gave the same color change as in pure silver nitrate solution. This color change may account for the result obtained in Experiment 12 of increased visibility of the nucleofugal fraction.
The reactions between riboflavin and silver, and between adenine and silver are undoubtedly due to the acidic N H groups at the three position of riboflavin and at the seven position of adenine. I t is a well known chemical fact that the hydrogen atom in an acidic imide group is easily replaced b y silver, especially when the acidic imide group is closely bound to the CO groups as in riboflavin or when the imide group is under the acidifying influence of double bonds as in adenine. Under such conditions, the replaceability of the hydrogen atom is silver-selective. N o other heavy metal, except perhaps mercury, can give the same reaction. This m a y explain why, among the heavy metals, only silver is able to reveal the network of Golgi (see section III). I n this respect, whether osmium reacts by the same mechanism as silver can be envisaged only by further study and experimentation.
The tests performed in Experiment 13 m a y explain the probable reaction between silver and flavin-adenine dinucleotide. This does not mean that we are dealing with an enzyme, because a prosthetic group generally requires a specific protein to be able to react as an enzyme. Besides, flavin-adenine dinucleotide is found also in a number of other enzymes. I t is the different specific proteins which enable this prosthetic group to react specifically with different substrates. I n view of this, aldehyde dehydrogenase prepared according to Bali's method (Nutritional Biochemicals Corporation) was tested directly with Elftman's fluid in the following manner.
Experim~t 14.--Aldehyde dehydrogenase was smeared on three clean slides, The slides were left in a vacuum desiccator to dry. One slide was immersed in 15 per cent formalin, another in 2 per cent silver nitrate, and a third in Elftman's fluid. After about 2 hours all slides were reduced with hydroqninone, dehydrated with alcohol, cleared with xylene, and mounted in balsam. Microscopic examination of the smear treated with Elftman's fluid showed protein globules of various sizes. At the periphery of each globule, black silver precipitates were observable in forms of granules, rods, or retioala. The smear treated with 2 per cent silver nitrate showed silver precipitates only in the form of fine black granules. The smear treated with 15 per cent formalin showed nothing.
IDENTIFICATION OF GOLGI APPARATUS
Experiment 15.--Aldehyde dehydrogenase was also injected subcutaneously into mice.
Alcohol dehydrogenase similarly administered served as control. The skin specimens carrying the injected enzymes were fixed in Elftman's fluid, reduced with hydroquinone and processed for paraffin sections. Aldehyde dehydrogenase showed silver precipitates in forms of granules, rods and reticula at the periphery of protein globules of various sizes (Fig. 13) . Alcohol dehydrogenase showed a uniform diffuse stain of fine silver precipitates.
These tests demonstrate that aldehyde dehydrogenase does react with Elftman's fluid. Also they demonstrate t h a t silver does not impregnate the entire globule but precipitates only at its surface (fat was dissolved out).
This reminds us of the colorless "internum" and the deeply blackened "externum" of Golgi apparatus often described in the literature.
Experiment 16.--Heat destroys the enzyme aldehyde dehydrogenase, To test the effect of heat on the nucleofugal fraction, the method recommended by Lillie (1954) was adopted. Tissues were fixed in hot (90 to 95 ° C.) physiological saline for 2 to 3 minutes. After the heat treatment, tissues were transferred to Elftman's fluid for 6 hours followed by reduction with hydroquinone and processed for paraffin sections. Upon examination, none of the tissues showed any sign of a network, though the tissues were well fixed as evidenced by the perfect shape of nuclei counter stained with hematoxylin. The failure to demonstrate the network cannot be attributed to poor penetration of ELftman's fluid, because the Golgi zone appeared as an area that was brown in color.
Experiment 17.--Aldehyde dehydrogenase is irreversibly inhibited by cyanide. To show that the nucleofugal fraction can be similarly inhibited, tissues were immersed in a mixture of 1 per cent potassium cyanide and 15 per cent formalin for 4 hours. After washing with water, the tissues were transferred to Elftman's fluid for another 4 hours. All tissues were reduced with hydroquinone and processed for paraffin sections. The cytoplasm was uniformly yellow in color, but in no case was a network observable.
Aldehyde dehydrogenase is unique among enzymes in having two entirely different types of substrates. I t is able to oxidize 31 different aliphatic and aromatic aldehydes. Also it can oxidize at least 10 different purines. I t is known that this enzyme oxidizes hypoxanthine to xanthine and the latter to uric acid. Aldehyde dehydrogenase and xanthine oxidase are thought to be one and the same enzyme. If the nucleofugal fraction as suggested here conrains aldehyde dehydrogenase, then this fraction should react also with hypoxanthine or xanthine in the animal body as is tested in the following experiment.
Experiment 18.--Hypoxanthine and xanthine were separately injected subcutaneously into mice. 6 hours after injection, tissues from these animals were fixed in Elftman's fluid, reduced with hydroquinone and processed for para~n sections] Changes in the nucleofugal fraction varied in different organs. A more extensive report of these changes than can be presented here would be desirable. For the present, however, only the epithelial cells near the tail of the epididymis were chosen for description. As compared with the same kind of cells of untreated animals (Fig. 14) , the nucleofugal fraction (Golgi network) in treated animals seemed to have expanded to occupy more space in the cytoplasm between the distal pole of the nucleus and the free border of the cell. The individual strands of the network appeared slender and uniformlin diameter. Each strand was widely separated from the other (Fig. 15) . There was no good method available for measuring whether or not the total quantity of the Golgi substance had increased.
Experim~t 19.--Colchicine can arrest cell division. Possibly it interferes with the intermediary metabolism of purines, though this has not yet been proved. Nonetheless, the effect of colchicine on the nueleofugal fraction seems to be worthy of testing. Sublethal dose of colchicine was injected subcutaneously into mice. 6 hours after injection, tissues were excised, fixed in Elftman's fluid, reduced with hydroquinone and processed for paraffin sections. Again, changes in the nucleofugal fraction varied in different organs. To compare with results from the previous experiment, only the epithelial cells near the tail of the epididymis are described. In these cells, the nucleofugal fraction appeared to have shrunken to occupy less space in the cytoplasm. The individual strands of the network seemed to coalesce with each other (Fig. 15) . Since little is known about the mechanism of purine metabolism, it is premature even to speculate on the meaning of these changes. Nevertheless, these changes do seem to indicate that there is some kind of an interplay between purine metabolism and the nucleofugal fraction (Golgi network).
The results of these experiments seem to suggest that there is a parallelism between aldehyde dehydrogenase and the nucleofugal fraction (Golgi network). Both are able to react with different aldehydes; to reduce methylene blue in presence of formalin; to be closely associated with lipide; to appear as light yellow in color; to react with Elftman's fluid; to be destroyed by heat; to be inhibitedlby cyanide and to be related somehow with purine metabolism. Although this parallelism cannot serve as direct evidence to prove definitely that aldehyde dehydrogenase is present in the nucleofugal fraction, the possibility that such is the case seems to be a reasonable working hypothesis in view of the present status of our knowledge of Golgi apparatus.
DISCUSSION
It is well known that silver salts are reducible by aminophenols and polyhydroxy derivatives of benzene (photographic developers). The reduced silver generally becomes deposited on the so called silver nuclei such as silver bromide (after activation by light), silver sulfide, or pure metallic silver. It is beyond the scope of this paper to discuss the physics and chemistry of this reaction. Mees (1954) has written a book on it. We are concerned here mainly to inquire into the nature of the silver nucleus in the nucleofugal fraction (Golgi network), on which silver is deposited when reduced with hydroquinone. As it has been shown in Experiment 1, a retiform Golgi apparatus can no longer be demonstrated if alcohol is applied to the tissue before reduction. This rules out the presence of silver bromide or silver sulfide because both are insoluble in alcohol.
As it has been pointed out in Experiment 13, silver is selective in replacing the hydrogen atoms of the acidic N H groups in adenine and riboflavin. This may cause adenine to form a cloudy suspension and riboflavin to change its color from light yellow to reddish yellow. The reaction is more complicated than this when aldehyde dehydrogenase is involved. It is generally agreed that the effective group of this enzyme is found in riboflavin of the prosthetic group. When this enzyme reacts with hydrated aldehyde, two hydrogen atoms are transferred from aldehyde to the two cyclic nitrogens at the one and ten positions of riboflavin (see Karrer, 1947; Hawk, Oser, Summerson, 1947) , creating two new Nil groups. In the presence of methylene blue, these hydrogen atoms are again transferred to the cyclic nitrogen at the nine position of the dye changing it to leucomethylene blue.
When silver nitrate is used instead of methylene blue, the reaction may be quite different because silver replaces these hydrogen atoms and, by addition, combines with the cyclic nitrogens at the one and ten positions. A further transference of hydrogen is impossible because the effective group is blocked. In a sense, silver poisons the enzyme, which is often the case with certain heavy metals. It is to be emphasized here that at this stage silver nitrate is not reduced to metallic silver. A further treatment with hydroquinone is necessary to reduce it to the metallic state. The metallic silver serves as the nucleus for deposition of additional silver. Tissue sections prepared as in Experiment 7 showed the nucleofugal fraction to appear brown in color because roost of the unused silver nitrate in the tissue had been washed out before reduction. The brown nucleofugal fraction could be so blackened again if free silver ions were reintroduced and reduction with hydroquinone repeated even after dehydration and embedding.
Flavin-adenine dinucleotide is found in a number of enzymes. Not all of them are able to react with aldehyde and silver, because ravin-adenine dinucleotide in different enzymes is bound to different specific proteins. Only in combination with a certain specific protein is ravin-adenine dinucleotide able to be reduced by aldehydes to create two new NH groups at the one and ten positions of riboflavin. Without these two new NH groups, silver nitrate cannot demonstrate the nucleofugal fraction, although it may stain a number of other structures. Therefore, the network is demonstrable only when these two new NH groups are created specifically by aldehydes. Aldehyde may be applied to the tissue either before or after treatment with silver nitrate (see Experiment 2).
A modification of Elftman's method is highly recommended (Experiment 7). It demonstrates both the nucleopetal and the nucleofugal fraction. The tissues are first treated with silver nitrate, which seems to render the lipide more stable. When the tissues are subsequently transferred to formalin, several reactions may take place at the same time. First, silver mixes with formalin (Zenghelis' reagent) to react with the nucleopetal fraction (Baker's lipochondria) resulting in black color. Second, formalin reduces the nucleofugal fraction (Golgi network) to provide the NH group, which then reacts with silver nitrate. Third, formalin washes out any unused silver nitrate in the tissue, resulting after reduction in the nucleofugal fraction to appear brown instead of the usual black.
With this modification of Elftman's method, it is possible to distinguish between the lipochondria of Baker and the network of Golgi. The identification of these two structures is made very easy. Lipochondria are usually spherical in shape, they are located closer to the nucleus, and they appear black in color. They are composed mostly of lipide. On the other hand, the Golgi network is reticular, it is located farther away from the nucleus and it is brown in color. It is composed mostly of protein (?). These structures are two separate entities. Baker's lipochondria do not form a network in silvertreated tissues. Otherwise, there would appear in one cell two networks, which, of course, have never been seen.
It is by no means easy to demonstrate Golgi apparatus without adequate trial It is even more difficult to determine its chemical nature. Gersh (1949) believes that the PAS-positive material of Golgi apparatus is chiefly glycoprotein. Schneider and Kuff (1954) believe that the PAS-positive material of Golgi substance is chiefly lipide. Arzac and Flores (1952) believe that the PAS-positive material in the Golgi zone is mostly carbohydrate. One of us (Chu, 1937 ) also concludes from feeding experiments that carbohydrate may constitute part of the Golgi apparatus. The problem is further complicated by the finding that alkaline phosphatase is demonstrable in the Golgi zone (Emmel, 1945; Dearie and Dempsey, 1945; Novikoff, Korson, and Spater, 1952) . From what has been presented here, it seems that a distinction must be made according to whether one is dealing with the chemical nature of the nucleopetal or the nucleofugal fraction. A further distinction must be made whether the chemical reaction is due to the Golgi apparatus per se or to some other substances in the Golgi zone. No boundary has ever been defined for the Golgi zone. It seems to extend all the way from the distal end of the nucleus to the free border of epithelial cells and it represents practically the whole of perikaryon of nerve ceils. Obviously, not all that is present in the Golgi zone is Golgi apparatus.
In this paper evidence has been presented to show that there is a parallelism between the nucleofugal fraction and aldehyde dehydrogenase. Admittedly, the evidence presented is mostly circumstantial. A more direct evidence is required to prove definitely that the two are the same. The refined technic of isolating Golgi substance by differential centrifugafion accomplished by Schneider and Kuff (1954) undoubtedly will be helpful in settling this point, though further refinement is needed to rule out the possibility of adsorption and contamination. Ball (1939) has shown that the enzyme isolated from milk (aldehyde dehydrogenase or xanthine oxidase) oxidizes both purines and aldehydes but it is rapidly destroyed during the oxidation of the latter. Also chemical tests have failed to demonstrate any appreciable amount of free aldehyde in nerve tissue (Chu, 1950) . Thus it is likely that under physiological conditions, one IDENTIFICATION O~ GOLGI A P P A R A T U S of the functions of Golgi network is more concerned with purine metabolism than with oxidation of aldehydes.
The suggestion that the nucleofugal fraction may contain xanthine oxidase certainly serves as a useful working hypothesis. It helps to explain why silver is selective in demonstrating the Golgi network. Silver reacts only with the FAD moiety of the enzyme, giving it the appearance of an "internum" and "externum" of Golgi apparatus. The deeply colored "externum" could fuse together to form a network or could break up into rings, rods, or granules, depending upon the physiological condition of the cell at the moment when it is fixed. Since nucleoproteins are concentrated either intranuclearly or extranuclearly; since purines are present in nucleoproteins; and since purine metabolism requires xanthine oxidase, it is only natural that the Golgl network is usually situated near one pole of the nucleus in epithelial cells and between Nissl bodies surrounding the nucleus in nerve cells.
SUMM'~.y AND CONCLUSIONS 1. A modification of Elftman's direct silver method reveals both the lipochondria of Baker and the network of Golgi in the same cell. For purpose of distinction, i t is proposed to call Baker's lipochondria the nucleopetal fraction, the Golgi network the nucleofugal fraction of the Golgi apparatus.
2. The nucleopetal fraction is located closer to the nucleus. It is spherical in shape and appears black in color. The nucleofugal fraction is located farther away from the nucleus. It is reticular in form and appears brown in color after silver impregnation by the modified Elftman's method.
3. These two fractions are separate entities. The network of Golgi is not due to deposition of silver on lipochondria. Lipochondria do not represent Golgi apparatus in living cells.
4. Aldehydes facilitate the demonstration of the nucleofugal fraction. Based on the circumstantial evidence presented, it appears that aldehyde dehydrogenase composed of a specific protein bound to a prosthetic group of ravin-adenine dinucleotide may be concentrated in this fraction.
5. Aldehyde dehydrogenase also functions as xanthine oxidase. It is suggested as a working hypothesis that under physiological condition, one of the functions of the nucleofugal fraction (Golgi network) is concerned with purine metabolism of nucleoproteins.
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